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Abstract: In thispapertheauthorssummarizethecurrentstateof
knowledgeofarcpropagationinaerospacepower wiringand efforts
by theNationalAeronauticsandSpaceAdministration(NASA)to-
wardsthe understandingofthearctrackingphenomenain space
environmenLRecommendationswillbemade foradditionaltesting.
A databaseofthe performanceofcommonlyusedinsulatingmate-
rials willbe developedto supportthe designof advancedhigh
powermissions,suchas SpaceStationFreedomand Lunar/Mars
Exploration.

INTRODUCTION

Failuresin aerospacevehicleshavebeen reportedbothonthe
groundandinflightduetopersistentarcs in thewiringharnesses.
Thearctypicallypropagatesalongthewireand causesthelossof
theentirewireharnessalongwithallassociatedfunctions.Such
failuremechanisms,whichare notaccountedforinthepresentengi-
neenngdesignpractices,representa seriousproblemforadvanced
aerospacevehicles. Inthispaper,a summarywillbe givenofthe
currentunderstandingintheareaofarcpropagationincommonly
usedwiringinsulationmaterials.Thepotentialhazardsassociated
witharc propagationand state-of-the-artdevelopmentof newarc
resistantmaterialsforaerospaceapplicationswillbepresented.A
descriptionwillbe givenoftheNASAprogramto assurethesafety
andreliabilityof spacewiringsystems.

ARCPROPAGATION

In aerospaceapplications,theeffectsof insulation failurecanbe
verycostlyin termsof lossof expensiveequipment,imperilmentof
missions, and lossof lives. Since themidsixties, MIL-W-81381
(polyimideinsulatedwire) hasbeen thematerialof choiceformost
aerospaceapplicationsdueto itshighdielectricstrength,excellent
thermalproperties,non flammability,lowweight,and highabrasion
resistance. However,insulationfailuresbecameunexpectedlycom-
monin a numberof applications.This promptedsomeUS Federal
Agenciesto launchstudiesto characterizethe problemandto
search forsubstitutesfor polyimide1insulation. It resultedinthe
UnitedStates Navy banningtheuseof polyimideas a wiringinsula-
tor in theirshipsand planes.

Thestudiesfoundthattherearetwosteps inthefailureprocess.
Damage,cracking,or deteriorationof the insulationcanoccur dueto
exposureto waterorcertainotherliquids,orwhenthe materialis
subjectto mechanicalstresses(suchas sharpbending).These
conditionsprovidea pathfromthe livewireto groundthroughwhich
anarcmaybe initiated. The extremeheat Iromthe eledrical arc
causes pyrolysisof the polyimidefilm andformsa conductivepath

of carbonresiduethatisreferredto asa carbonarctrack. Thiscar-

bon arc trackfrequentlyhasa sufficientlyhighelectricalresistance
to limit the currentstovaluesthatdo nottripthecircuitbreaker.
Whenthisisthecase, nothingpreventsthearc frompropagating
alongtheentirewire. Evenif thecircuitbreakeristripped,resetting
it willrestartthearcand causefurtherdamagetotheharness.Arc
trackingcan resultin flashoverin whichthearc jumpstoadjacent
wireswithinthesamebundleand damagesthemaswell. Therate
and extentofarcpropagationdependsonthefollowing:(a) typeof
insulationmaterial,(b)appliedvoltage(magnitudeand frequency),
(c) wiregauge,and (d)environmentalfactors(moisture,tempera-
ture,proximity,etc...).

NASA'SINVOLVEMENT

NASAwillengagein mannedandunmannedspacemissionsthat
willdemandgreateramountsofelectricalpower thantoday'sspace-
craft,increasingthelikelihoodof arc-inducedfailures. Someofthe
systemstobedevelopedareSpaceStationFreedom(75 kWe),
MarsCargoandPilotedVehicles(2 MWe- 10MWe),andtheFirst
LunarOutpost(I2 kWe).

Becauselittleis knownaboutthe phenomenonof arctrackingin
space,NASA helda workshop2 to assessissuesand concernson
electricalwiringforspaceapplications.Theattendeesincludedrep-
resentativesof severalUSFederalAgencies,NationalLaboralories,
academia,andprivateindustryhavingparticularexpertiseinthe
field. The workshopcovered: operationalexperiencewithpolyimlle
insulation,resultsof severaltestprograms,wiringrequirementsfora
varietyofspacemissions,andpropertiesofalternatematerials.

Operationaldifficultieswerereportedwith:1) the SpaceTranspor-
tationSystem(STS), inwhichsix incidentswerereported;2) numer-
ousarcingincidentsandfires in U.S. militaryaircraft;and 3)a variety
of isolatedincidents,suchas anexpensiveelectricalfire inthe Ma-
gellanspacecraft groundsupportequipment.

Twoofthemostcomprehensivestudieswere: theWrightRe-
searchDevelopmentCenter/ McDonnellAircraftCompanyevalua-
tionsonnewinsulationconstruclionsforaeronauticalapplications,
andtheNASA'sWhiteSandsTestFacilityinWhiteSands,New
Mexico,on powerrequirementsfor arcpropagationunderSTScon-
ditions.Someimportanltestresultsreportedat theworkshopin-
dude:1)arcpropagationin polyimide-insulatedwireswasdemon-
strafedat verylowpowerlevels(4- 8 Watts) [1]; 2)arc tracking
andpropagationin polyimidewasfoundIo occurintheSpaceSta-
tionFreedom(SSF)solararrayflexiblecurrentcarriers[2];and 3) at
voltagesas lowas270Vdc,all typesofinsulationtestedtodateex-
•hioitedarcpropagation[3].

1. PolyimideinsulationisfrequentlyreferredtoasKapton@,whichisapopular
brandmanufacturedbyDuponl.

2. '_NorkshoponWiringforAerospaceApplP..ations',heldatNASALewisResearch
Center,Cleveland,Ohio,onthe23-24ofJuly,1991



A numberofpapersdiscussedthecomplexitiesofthespace
environmentsandhowinsulationmaybe affectedbyenviromental
factorssuchas: vacuum,radiation,widetemperatureswings,space
plasma,zerogravity,andatomicoxygen.Finally,therewerediscus-
sionsofa numberofalternatematerialsand wire/ insulationcon-
structions.Whiletherewasa numberof attractivecandidates,itwas
emphasizedbyseveralspeakersthatwiringmustbe consideredas
a systeminwhichcarefultradeoffsmustbe madebetweenvarious
propertiesandrequirements.

A majorconclusionoftheworkshopwasthatthetestingto date
wasinadequatetodeterminetheperformanceofinsulationinthe
complexenvironmentofspace;thetestswerenotconclusivebe-
causethey onlyaddressedthelimitedrangeof operationalcondi-
tionsioraircraftsand STS. Therefore,itwasconcludedthatthereis
a needIortheestablishmentofa broadertestmatrixand Ioraddi-
tionalexperimentalworkwhichemphasizethosetestparameters
thatreflecttheenviromentaistressesexpectedtobeencountered
incurrentandfuture NASAspacemissions.

PROGRAMOVERVIEW

TheNASA'sOfficeof SafetyandMissionQualityhasinitiateda
threeyeareffortat theLewisResearchCenterto addresssomeof
theseissues.The goalofthisprogramisto providethe information
and guidanceneededtodevelopandqualifylightweight,saleand
reliablewiringsystemsthatarebothresistantto arctrackingand
suitableinallwaysfor useinspaceapplications.Theeventualgoal
of thisprogramis theconstructionof a databasecontainingtheper-
formancesof commonlyuseclinsulatingmaterialsthatcouldbe uti-
lizedinthedesignof advancedmissions,suchas SSF andLunar/
Marsexploration.

To accomplishthismission,thisprogramwasdividedinto three
majortasks:1)definespacewiringapplicationrequirements;2) de-
fineandperformtheadditionaltestingandanalysisneededtoas-
sessavailablematerialsandconstructions;and3)review issuesin
thedesignofcompletewiringsystems.Thenextthreesectionspro-
videan interimreporton theresultsofthesetasks.

SoaceMissionsEnvironments
Theobjectiveofthis task is to identifytypicalrequirementsand

environments(asrelevantto electricalpowerwiring)for NASAspace
missionsandsystems,andto evaluatethe adequacyof the findings
of previoustestprogramsin assessingwiringsystemsfor NASA
missions. A surveyof NASA missionswasmadeto identifyenviron-
mentalcharacteristicsthatwouldimposeparticularrequirementson
insulationfor electricalwiringsystems. Fromtheresults,fivetypical
environmentswereidentifiedas beingcharacteristicof those in
presentandfuture NASAmissionswith respectto their operational
requirementsfor the wiringsystems. Theseenvironmentsarechar-
acteristicof: 1)pressurizedmodules(characteristicof SSF,and
other mannedmissions),2)LEO/GEO3applications,3) trans-atmo-
sphericvehicles,4) Lunarsurface,and5) Marssurface.A briefde-
scriptionof eachof theseenvironmentsfollows.

Pressurizedmodule: Since thepurposeofa pressurizedmodule,
suchasthose foundintheSTS orbiterandtheSpaceStationFree-
dom, is to protectthecrew, thewiringexperiencesa comparatively
narrowtemperaturerangeand benignenvironment.[4].

Insidethepressurizedmodules,the potentialexistsfor highhu-
miditybecauseof the presenceof humans,however,the actuallevel
of humidityis expectedtobe regulated.For thepressurizedmodules

3. LEO= Low EarthOrbit, about300 km ofaltitude,andGEO = Geostationary
Orbit,whichis about32,000kmequatorialorbit.

Figure1. VibrationEnvironmentof Payloadsfor
LaunchSystems[8]
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a 30%oxygenenvironmentincreasesthe dangerinthe caseof a
fire. Thefireson boardtheApollo1 and13werefueledby highoxy-
genconcentrationenvironments(Apollo1 was100%oxygen)[5,6].
However,themoistureenvironmentitselfis insufficientto cause
crackingand is reversedwhenpowerisapplied[4,7].

Becauseofthevibrationduringthe launchphase,all wiresand
cablesmustbe restrainedfrommovemenl. Thevbrationto which
thepressurizedmodulewiring is exposedis intensebutshort-lived
(roughly2 minutesof vbrationduringlaunch)[4,7]. This is dearly
descrbed in figures1and 2, and intable 1. The enclosedmanned
environmentrequiresthatif outgassingwereto occur, nosignificant
amountsof toxiccompoundsmay be released.

Thefunctionofthepressurizedmodulesis forthe habitationof
theastronautsand forlaboratoryexperiments.Thesetypesofoper-
ationsmayincreasetheposs_ility offluidscomingincontactwith
wiringinsulation.InthecaseofthepressurizedmodulesIorSpace
StationFreedom,therewillbe voltagesas highas 120V DC inside
ofthemodules.

Figure2. AcousticEnvironmentof Payloadsfor LaunchSystem
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Tabie 1. Acceleration Environment of Payloads for Launch Systems [8]

Vehicle Conditiol

steadystal,
T34D/IUS

dynamic

Lift-off Maximum Stage 1 Stage 2
Airloads Shutdown Shutdown

(Booster) (Booster)
axial later_ axial lateral axial lateral axial lateral

+1.5 m +2.0 m +4.5 m +2.5

+1.5 +5.C +1.0 +_.5 +4.C +2.0 ___4.0 ±2.0

Atlas II steadystat, +1.3 -- +2.2 +0.4 ±5.5 __ +4.0

dynamic +1.5 +1.C ±0._ :L-0.4 ±0.5 ±0.5 +2.0 !--0.5

Delta steadystar, ±2.4 "+7.7
Max*All
,Series dynamic ±1.0 ±2..0 +4.0

H-II steadyst=,

dynamic ±3.2 ±2.0 _ ±5.0 ±1.0

Shuttle steadystat, ±3.2 ±2.5 +1.1 +.25 +3.2 +0.5c.

dynamic ±3.5 ±3.4

"2 Sigma Values

LEO/GEO aDpli¢,ations:A key element in LEO/GEO applications is
long lifetime which places more stress on the wiring systems. The
electrical wiring for LEO/GEO satellites is protected by the space-
craftstructure from most space environment effects such as uv radi-
ation, atomic oxygen, and micrometeoriods.

This is also true for the SSF power and control cabling that are
outside of the pressurized modules because the cables will be pro-
tected by utility or cable trays. Any exposed wiring can receive dam-
age from atomic oxygen (AO) because of the high relative velocity
impacts and chemical reactions between the ions and the insulation.
The potential for damage from meteoroid and debris, is not totally
eliminated by the cable trays.

The electrical wiring insideunmanned LEO/GEO spacecraft is
temperalure regulated by radiative cooling designed to keep the
electronics and battery systems in a reasonable operating tempera-
ture range. Heat generated by ohmic (12R) losses in the cabling can
add to external heat sources such as the Sun and raise tempera-

Figure 3. Toroidal Section of the Earth Radiation Zone
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tures to approximately 200"C [4].

Once in orbit, the wiringwill expand and contract with the
orbital temperature variations. The frequency in GEO of the
spacecraft passing through the Earth Shadow (see figure 3)
is once per day, while in LEO this cycle occurs approximate-
ly once every 45 minutes, depending upon orbit altitude and
inclination [8]. Therefore, thermal cycling for a GEO space-
craft willnot be as severe as Ior a LEO spacecraft

Although the majority of satellite power systems have
been 28 Vdc, systems are now planned with voltages as
high as 120 Vdc. In the case of the Space Station Free-
dom, there will be voltages as high as 160 Vdc. Therefore,
arc tracking effects at these voltages must be evaluated.

Radiation is a key issue for missions which either cross
or travel within the Van Allen belts. These missions are typ-
ically either in polar orbits which cross the Van Allenbells
over the Earth's poles, or highly elliptical orbits (Molniya or-
bits) used for communications and reconnaissance satel-
lites. Because charged radiation is trapped and "concen-
trated" in the magnetic field of the Earth, such a spacecraft
receives a radiation dose significantly higher than that ex-
perienced by a GEO spacecraft.

When a spacecraft encounters a charged plasma envi-
ronment, a potential may be produced between the spacecraft sur-
faces. When the potential voltage exceeds Ihe breakdown threshold
of the insulation, an electrostatic dischargecan occur. Discharges
can cause long-term degradationol exterior surface coatings and
enhance contamination of surfaces [9].

The charged radiation trapped by the Earth's magnetic field is a
product of the solar wind and consists primarily of protons and elec-
trons and form the charged plasma regions shown in figure 4. The
inner belt consists primarily of low energy electrons (20 keY - 1 Mev)
and high energy protons ( > 600 MeV), and extends from about 480
km to 6400 km above the Earth. The outerbelt consisting mostlyof
very high energy electrons (20 keV - 5MeV) with few tow energy pro-
tons (~60 MeV) extends from 16,000 km to 58,000 krn [9,10].

Transatmospheric Vehicles: In addition to Ihe LEO / GEO envi-
ronments, the wiring systems tor transatmospheirc vehicles experi-
ence additional environmental conditions: high humidity, vibration,
temperature cycling, and fluids. For the STS, the conditions which
lead to hydrolytic degradation, such as high humidity, have been
eliminated by storing the orbiter in a conlrolled environment, and
continuously purging the shutlle with conditioned air while on the
launch pad [7]. ..

The vibration to which the trans-atmospheric wiring system is ex-
posed is intense but short-lived. The space shuttle must endure

Figure 4. Eclipse Seasons in Geosynchronoue Orbit [8]
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roughly2 minutesofvibrationduringlaunchthreetofourtimesa
year. An expendablelaunchvehide(ELV)mustfunctionforonly
onelaunch,thereforeELV requirementsarenotasstrict.Allwiring
mustbeprotectedfromchafing againstsharpedgeswhichwould
damagetheinsulationduringoperationalvibrationormaintenance
abrasion[7,11].

Theinteractionsofthetrans-atmosphericwiringsystems,particu-
larlyreusablelaunchvehiclessuchasthespaceshuttle,withchemi-
caland cryogenicfluids maybe important. Transatmesphericvehi-
clesexperiencea widerangeof temperaturesfromcryogenictem-
peraturesof fuelsto high temperaturesfromrocketenginesor atmo-
sphericreentry.Cablesinreusablevehiclessuchasthe spaceshut-
lieexperiencea largenumberoftemperaturecyclesduringtheir op-
erationailifetimeswhichcan leadto cracking,arcing,and arc-propa-
gation.

Lunarsurface:The powersystemfora permanentlymanned
lunarbase mayhavetobe at a distancefrom thehabitatmodules.
Cablesmaylie exposedon the lunarsurface. In general,almostall
thesameenvironmentalconditionsexperiencedin LEO I GEO will
beseenby the exposedlunarbase cables. In addition,problemsre-
latedtotemperatureexlremesand cycling,radiation,microme-
leroids,abrasion,andlunar dustwillbe uniquefor thisapplication.
Anexampleof a lunarbase specificproblemis the effectof lunar
duston initlalionandpropagationof anarc.

MartianSurface:AtomicoxygenintheMartianatmospherecan
damagecablesas a resultof highrelativevelocityimpactsof the
ions on theinsulation,and subsequentdegradationandchemicalre-
actions. The Marsatmospherecontainswater vapor,however,it
makesuponly 0.03%o! the air,and therefore,probablywillnot re-
sultin degradation. The Mars surfacebasewilloperate ina 95.3%
carbondioxideand0.13°/,oxygen environment.Insulationmaterial
mustnot reactwiththis atmosphere[12].

A databaseonarc tracking,wiringsystems,andwiringconstruc-
tions is also beingestablishedfromwhichpromisingcandidateinsu-
lationsystemswil!be identifiedbasedon resultsof relatedstudies.
The workperformedbythe U.SAir Forceon newwiringconstruc-
tions for aerospaceapplicationswasanalyzed. Thisdatabasewas
comparedto the requirementsresullingfromthe survey. Preliminary
resultsof thistask aredepictedon table2.

SupplementalInsulationTests andAnalysis
The objectiveof this task is to providemissinginformationneeded

to evaluatepotential insulationsystemsandto determinetheirsuit-
abilityfor use inNASAaerospaceenvironments.The supplemental
testingandcharacterizationeffortsforthe identificationol arctrack-
resistantaerospacewiringsystemarebeing coordinatedwith theon-
going programsat otherNASAandgovernmentlaboratories.The
databaseestablishedin previoustask,willbe usedto prioritizethe
enviromentaland operationalteststo beperformed.

Resultsfromthesetestswillbecombinedwiththeresultsfrom
thedatabasetodefinesafeoperatingrangesforvariousinsulation
systems.Conditionswhichcontributetoarcgenerationandpropa-
gationwiltbe identified. Thelest resultswillbeusedto developa
betterunderstandingofthe lifecycleofwiringinsulationsystems.
The followingare someofthepreliminaryteststobe performed
underthiseffort:

Atmospherictests:Thesetestsconcentratesonfive(5) newwir-
ing constructions(size20AWG, singlewire)andthe lwo (2)military
standardwiringconstructions.The new insulationconstructions,in-
dudetheFilotex,Thermatics,Nema#3,Tensolite,and Goreconfig-
urations. Thefollowingis a list of the teststo be performed:

• Verificationthatthewiringconstructionmeetsthespodfica-
tions.

• Full performancetests (asshownin table3) ontheGore
construction.

• 160VDCand400 Hz,208MACdryarc resistance.

• Flammability,offgassing,and fluidcompatibility.

• Coldflowresistancemeasurements.

Vacuumtests:Vacuumconstitutesoneofthestressesto which
wiringsystemsare exposedto in thespace environment. In general,
mostinsulatingmaterialsundergosomechangesin theirproperties
undersuchenviromentaiconditions.Thesechanges,whichmaybe
profoundinpolymericdielectrics,indudeoffgassing,brittlernentand
reductioninthemateriai'sbreakdownorcoronainceptionvoltages.

Parliaiaravitvand micro-gravitytests:Standardverticalflamma-
bilitytestshavebeenperformedonpolyimide,showingnoburning.
Thesetests,however,didnottakeintoconsiderationthecarbonarc
trackingphenomena.Arctrackingisnota trueburningmechanism
thatcan occurinvacuum.Allpreviousarc-trackingtestshavebeen
performedina I gravity(g) environment.Withouttheheatconvec-
tionprocesspresentat 1 g, hotgassesproducedbyan arc inze-
ro-gstagnatewithinthevicinityraisingthetemperatureofthe insula-
tion.Thisis potentiallya significantproblem.

Previoustestsperformedat 1 atmospheremaynotbe relevantto
anenvironmentwithlowerpressureandhigheroxygenconcentra-
tion suchas thecaseina habitatmodule.Othereffluencesof inter-
estarewastegasfrom the lifesupportsystemand propellantfrom
theattitudecontrolthrusters.Elfectsoftheseeffluenceson thearc
trackingphenomenain zero-gwillbe investigated.Therefore,the
effectsofa zero-genvironment,temperature,atmosphericpressure,
andatmosphericcompositionon thearc Irackingphenomenamust
be investigated.

A lowcost,shortdurationexperimentis beingdesignedlaking
advantageofthein-house_g laboratoryattheLewisResearch
Center. Availableforcarryingoutthepartialgexperimentsisthe
LewisResearchCenterLearJetandtheNASA-JohnsonSpace
CenterKC-135aircraft.Theseairplanesbyflyingina parabolictra-
jectorycanprovideabout15 to25 secondsof lowgravityconditions.

FeaturesoftheHg testingfadlity are describedintable4.

Resultsofthestudyphasewillbeusedto designlheexperimen-
tal proceduresand specificationsforthefabrication/procuremenlof
requiredhardware(breadboard,testsubjects,supportequipment
andinstrumentation). A databasewillbe compiledcontainingthe
resultsof thisbatteryof experiments.

Asa resultofthiseffort,techniqueswillbe developedforevaluat-
ing andtestingelectricalwiringinsulationmaterialsfor spaceappli-
cations. Physicalmodelswillbe developedfor useby missions
plannersto selectof competingwire insulationmaterialsbasel on
missionrequirements.

WirinqSystemsTeqhnoloqy
Thistaskidentifiesissuesrelatedto safetyandreliability for the

completewiringsystems. Relatedtechnologieswillbe identif_:l
whichhavean impactonprevention,detection,andisolationofwir-
ing lailuresandsystemreconfigurationfollowinga la_ure.

Includedin thetopicofpreventiontechniquesare evaluationtech-
niquessuchastotalqualitymanagement('rQM)whichspansfrom



Table2. AlrForceandNASAMlsslonEnvironmentalRequirements
MissionIt Air Prim. LEO/ Trans- Lunl

Recj'ts JJ Foce Modules GEO atmospheric Surface

Marl

8UlflCe

Electrical

Voltage

Frequency

8 kV Impulse/
1000 hm@200"C, 60 Hz

500 V/s, I t*=k < 5mA

[31
corona: dc & 400 HZ

voltage withstand: 60
V¢

am: dc & 400 Hz

[31
N/A

28 - 120 V

[12]

dc

[22]

75 kW

I141

28 - 160 V

r221

dc

[22]

10's W=) 10's kW

[22,25,261

28 - 270 V

[14,18,23|

dc

[14,18,23]

< 7 kW

[271

28 - 160V

[221

dc =:,at

[22,24]

50 kW

[28,291

28 - 160 V

[221

dc =:_ac

[22,24]

Power

Thermal
l ijll=ll

20 kW

[28,2gl

-65 =_ 230
Temperature/

Thermal Cycling 4 cycles: 200"C, 30 min
- 55"C, 30 min

('C)
[31

Afterflame 3 sec. max
Flammability Flame travel 3 in max

[31

15 :=> 25

[131

30% Oxygen

[5]:

LEO: -65 _ 120 -200 =:> 260

6000/yr 6000/yr in orbit
GEO: -196 =_ ]28: 901yr

[4,5,18,391 [14,181

N/A 0 => 30% Oxygen

(s[:

-171 =:_ 111

131yr

r,21

N/A

-143 == 27

3581yr

[_21

0.13% Oxygen

[17]:

Mechanical

Vibration/

Acoustic

(Abrasion)

Meteoroids

/Debris

Unconditioned or
Aged 200"C for 1000 hrs

Test: 23"C & 150"C

[31

N/A

launch: 1 - 109
SPL:137- 145 dB

[8,13]

N/A

launch: 1 - 109
SPL: 137 - 145 dB

(8,13]

11 26 impact/m3/y r

(Impacts > 0.05 ram)

[18]

launch: 2009
SPL: 137- 145dB

[8,13,14]

0 - 26 lmpact/m_/yr

(impacls _ 0.05 ram)

I18]

launch: 1 - 10g
SPL: 137- 145 dB

[8,13]
1 - 50

Impacts/cmS/

10 s yrs (d-5001_m)

70 - 150 Impacts/yr

( 100'a g)

!121

launch: I - 10g
SPL: 137- 145 dB

[8,13]

vary low

probab'lllty

[I 7]

Chemical

Humidity

Outgassing/

Toxicity

Gas/Fluid

Compatibility

15 Cycles of 8 hrs, 70"C
@ g5%, 16 hrs, 38"C @

95%: IR z 5 MW/1000ft

I31
38"C, 72 hrs, 5 -96% RH,
384 hrs, 200"C, 36 Torr,

weight loss < 1.5- 2%,

no specific toxicity

[31
Various Chemicals

Hydrolysis:
8 hrs @ 200"C, 672 hrs

of 5% salt water, 2.5 kV,

60 Hz, 1 rain. I LN* < 5mA

[31

< 50% inside

payload fairing

r131

TBD

TBD

50% inside payload

fairing

[13]

N/A

AO: 107. 10acm "_

4.3 - 4.4 eV

< 50% in payload
fairing

< 100% external

r131

N/A

Water/Salt Water/

Hu midity/C he mlcals

/LO/LH/Hydrazine

50% inside payload

fairing

[131

N/A

Electrostatically
Charged Dust

Particles

liquids TBD

[18,3o] [14.ts] rt2.[

EnvlronmentallOperational

003_H,O
100% RH at night

[121

N/A

95.3% CO z

liquids TBD

[12]

Radiation

Gravity

Pressure

(Torr)

Plasma

Lifetime

(yrs)

TBO:

uv: 120 cycles of 8 hrs
uv, 70"C, 4 hrs

condensation, 40"C

[31
lg

]31
36 _ 760

[3]

N/A

SPL:

1.7

[31
To Be Determined

LEO uv: 2220 = 5844

N/A GEO uv: 8760
(ESH/yr)

[181
106_ 10-39

[tBl
LEO: 101° - 5xlo =

GEO: 7.5 x 10 "14

[12,191

LEO: 0.3 - 45 x 104 cm "3
0.1 - 0.2 eV

NIA
GEO: 0.24 - 1.12 cm "3

120 - 295 keV

I5,g_lg]

LEC): 30
30 GEO: 20

r221 r221
Acoustic Sound Pressure Level

10' :=_ 10-3g

[18]

530 _ 760

[5]

w: 2220 =:> 8760

ESH/yr

Its1
10 =:=_ I g

[iS,

7.5 x 1014 =_ 760

[19.20]

0 - 9 x 10$cm -3

0.1 - 0.2 eV

[5,9,19]

3O

N/A: Not Applicable

solar: 1371 W/m _

uv: 8760 ESH/yr

[12]

0.165 g

10 lz _ 10-I

[12.21]

Solar Wincl (H & He)
Solar & Galactic

Cosmic Rays

[12]

30

r28,291
[ ]: Reference

Solar: 590 - 650
W/m z

uv: 1656 ESH/yr

[121

0.38 g
[121

3 =_7,5

[I2]

[12]

30

[28,291



Table 3. Full Performance Tests

SAE
AS 4373
METHOD TEST NAME

(1) JacketWallThickness
(2) Dry arcresistanceandarcpropagation
501 Dielectricconstant
502 Coronainceptionandextinclion
506 Surfaceresistance
507 Timecurrenttosmoke
509 Wet arc tracking
511 wiring fusingtime
602 Forcedhydrolysis
603 Humidityresistance
604 Weightlossundervacuum& temperature
606 Weatheringresistance
607 wicking
701 Abrasion
702 Coldbend
(3) Crushresistance
703 Dynamiccutthrough
704 Rex life
705 Insulationimpactresistance
706 Insulationtensilestrengthand elongation
707 Notchpropagation
(4) wire to wirerubtest
(5) Agingstability
803 Smokequantity
804 Thermalindex
805 Thermalshock
807 Propertyretentionafter thermalaging
712 Wiresurfacemarkability

(1) PerformaccordingIo FederalTestStandard228,Method
1018.

(2) Performaccordingto BritishstandardInstitute90/76828
and90180606.

(3) Performaccordingto ASTMD3032,Sectbn20.
(4) Performaccordingto a proceduredevelopedat DAC.
(5) Performaocerdingto ML-C-27500G,Paragraph4.5.10.

Table 4. p.g and partlal-g tsstlng capability at LeRC

Features of shared facility:

• Sealed test chamber capable of vacuum to about 1.5 arms.

• Operation at quiescent or blowdown flow conditions.

• Gas handlingsystem for atmospheric mixingto 30% 02.

• Vacuum system for low pressure atmosphere and purging.

• Row and back pressure regulation.

• Color motion-pictureand videophotography.

• Standard thermocouplesystem and signal conditioners.

• Standard data acquisition system and software.

• Provision for smoke sampling and combustion-prnduct collection.

Specific objectives of wire-flammability tests: II

* Arc trackingat low gravity. I• Ignitionof adjacent fuel materials.
• Off-gassing, smoke evolution,combustionproducts, etc

i_
Specific variables for wire-flammability tests: II

m

• Wire and bundle configurations. II
• Insulationmaterials. II
• Ambient-temperature and preheated samples. II

• Atmospheric pressure and 02 content. I
I!

hiclestructure, in order to account for synergistic effects which may
differ fromthose of separate individualwiringcomponents.

A survey of emerging technologiesand techniques will be con-
ducted to assess potentialapplications of these technologies in the
area of risk reductionand systemmaintainability. Those promising
candidates technologiesand techniques willbe considered for luture
development, suchas: fire detectionand suppressionsystems, sen-
sors that could alert of impendingfailures inthe system, and system
reconfigurationschemes followinga failure.

the manufacturingof the wiringto the installation and maintenance.
Various approaches are being explored forcircuit proration by in-
dustry. This task will identify those approaches which may be ap-
plicable to arc tracking detection and isolation. Candidate system
reconfigurationtechniques which may be applicable to the restora-
tion of the system following a failure detection and isolation will also
be identified.

Current practices inthe manufacturing,handling,maintenance,
and operational specificationsIor electric wiring systems in the
aeronauticsand space community are being studied. Particular em-
phasis is being given tOchanges in recommendations resulting from
recent wiring system failures in aircraft / spacecraft. These findings
willbe compared to the knowledge acquired duringthe testing phase
to determine areas requiring improvement for safety and reliability.

CONCLUSIONS

NASA's future in manned and unmanned space activitieswill
place increasing demands on electrical wiringand thus, increase the
likelihood of an arc-inducad failure. Little is known at this point of the
effects of the various space environments on arc tracking phenome-
na.

It is anticipated that a better understandingof arc propagationin
commonly used wiring insulation materials will resull from the Wiring
Program for Space Applicationsat NASA in conjunction with the
other efforts currentlyunderway at other U.S. govemmenl laborato-
ries, industry, and academia.

Methodologies willbe developed and recommended which enable
Ihe verificationof device and systems performance upondesign
completionand quality conformance to the design uponmanufac-
ture. These techniques would include in-situ techniques to verify
wiring integrity. These methodologieswill have to cover the entire
power transmissionsystem, i.e., wire bundles, interconnectionswith
components, circuitprotection,and integrationwith the missionlye-
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